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(57)Abstract: 

PURPOSE: To stabilize operational characteristics and to 
reduce an oscillation threshold voltage in a semiconductor laser 
w' formed by providing a non-optical absorption region to an end 
part of an optical resonator. 

CONSTITUTION: An n-InGaP clad layer 30a, an n-InGaAsP 
guide layer 32a, an n-InGaP etching stop layer 34a, an 
InGaAs/GaAs strain quantum well active layer 36b, a p-InGaP 
protective layer 38b, a p-InGaP clad layer 42a and a p- GaAs 
contact layer 44b are laminated on an n-GaAs substrate 28 one 
by one to form a mesa stripe structure. A p-InGaP current block 
layer and an n-InGaP current block layer are laminated on the 
clad layer 30a at both side parts of the structure one by one. 
Since an InGaAsP semiconductor material which resists 
oxidation is used, operational characteristics can be stabilized. 
Furthermore, an oscillation threshold voltage can be reduced 
since a mesa stripe structure is buried by a current block layer. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a semiconductor laser characterized by comprising the following. 
In manufacturing a semiconductor laser which establishes a non-optical absorption field in the one 
resonator edge face [ of an optical resonator ], and resonator edge face side of another side, 
respectively, A process of laminating the first conductivity-type bottom cladding layer, a undoped 
InGaAsP guide layer, a undoped InGaP etching stop layer, an active layer, and a second conductivity- 
type InGaP protective layer of an opposite conductivity type [ conductivity type / first ] one by one on 
the first conductivity-type GaAs substrate. 

A process of etching said protective layer and an active layer, reaching on the other hand, and forming 
an island-shape protective layer and an island-shape active layer between non-optical absorption fields 
of another side. 

A process of laminating the second conductivity-type upper clad layer and the second conductivity-type 
GaAs contact layer one by one on said island-shape protective layer. 

Each class from said contact layer to a bottom cladding layer is etched, A process of forming mesa 
stripe structure from one resonator edge face position to a resonator edge face position of another side, 
A process of laminating the second conductivity-type bottom block layer and the first conductivity-type 
upper block, and embedding said mesa stripe structure side part by these block layers one by one on a 
bottom cladding layer of said mesa stripe structure side part, A process of etching a contact layer of 
said mesa stripe structure, reaching on the other hand, and forming an island-shape contact layer 
between non-optical absorption fields of another side. 

[Claim 2]A manufacturing method of a semiconductor laser characterized by comprising the following. 
In manufacturing a semiconductor laser which establishes a non-optical absorption field in the one 
resonator edge face [ of an optical resonator ], and resonator edge face side of another side, 
respectively, A process of laminating the first conductivity-type bottom cladding layer, a first 
conductivity-type InGaAsP guide layer, a first conductivity-type InGaP etching stop layer, an active 
layer, and a second conductivity-type InGaP protective layer of an opposite conductivity type 
[ conductivity type / first ] one by one on the first conductivity-type GaAs substrate. 
A process of etching said protective layer and an active layer, reaching on the other hand, and forming 
an island-shape protective layer and an island-shape active layer between non-optical absorption fields 
of another side. 

A process of laminating the second conductivity-type upper clad layer and the second conductivity-type 
GaAs contact layer one by one on said island-shape protective layer. 

Each class from said contact layer to a bottom cladding layer is etched, A process of forming mesa 
stripe structure from one resonator edge face position to a resonator edge face position of another side, 
A process of laminating the second conductivity-type bottom block layer and the first conductivity-type 
upper block, and embedding said mesa stripe structure side part by these block layers one by one on a 
bottom cladding layer of said mesa stripe structure side part, A process of etching a contact layer of 
said mesa stripe structure, reaching on the other hand, and forming an island-shape contact layer 
between non-optical absorption fields of another side. 
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[Claim 3]A manufacturing method of a semiconductor laser having made a bottom cladding layer and an 
upper clad layer into an InGaP layer, or making a bottom cladding layer and an upper clad layer into 
InGaAsP layers in a manufacturing method of the semiconductor laser according to claim 1 or 2. 
[Claim 4]A manufacturing method of a semiconductor laser having made a bottom block layer and an 
upper block layer into an InGaP layer, or making a bottom block layer and an upper block layer into 
InGaAsP layers in a manufacturing method of the semiconductor laser according to claim 1 or 2. 
[Claim 5]In a manufacturing method of the semiconductor laser according to claim 1 or 2, an active layer, 
An InGaAs/GaAs distortion amount child well layer, an InGaAsP/GaAs distortion amount child well layer, 
A manufacturing method of a semiconductor laser by which being referred to as some one of an 
InGaAsP/InGaAs distortion amount child well layer, an InGaAsP/InGaAs/GaAs distortion amount child 
well layer, InGaAsP layers, and the GaAs layers. 



[Translation done.] 



)://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_eije?atw_u :::: http:// www4.ipdl.inpit.go.jp/To... 2008/05/01 



* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. j 

2. **** shows the word which can not be translated. j 
3.1n the drawings, any words are not translated. j 

I. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the manufacturing method of a semiconductor laser, 
especially the semiconductor laser of the structure which controlled the optical damage to the optical 
resonator end face. 
[0002] 

[Description of the Prior Art]Conventionally, there are some which are indicated by literature 1:IEEE 
JOURNAL OF QUANTUMELECTRONICS VOL25, NO.6, pp 1495-1499, and JUNE 1989 as this kind of a 
semiconductor laser. Drawing 1 1 and drawing 12 are the perspective views showing the manufacturing 
process of this conventional semiconductor laser roughly. 

[0003]In the manufacture, first, the substrates face (100) of p-GaAs substrate 10 is etched, and the 
mesa island-shape object 1 0a is formed. The mesa island-shape object 1 0a is made to estrange from the 
both-ends side of the substrate 1 0, respectively ( drawing 1 1 (A)). Next, the n-GaAs current block layer 
12 is grown up on the mesa island-shape object 10a by the LPE (Liquid Phase Epitaxial) method ( drawing 
11 (B)). Next, the current block layer 12 is etched and the two ridges 12a and 12b arranged in parallel 
are formed. The mesa island-shape object 10a is exposed among these ridges 12a and 12b ( drawing 1 1 
(C)). Next, on the ridge 12a and 12b by the LPE method one by one, The p-GaAIAs bottom cladding 
layer 14, the p-GaAIAs guide layer 16, the undoped GaAIAs active layer 18, the n-GaAIAs confining layer 
20, and the n-GaAIAs buffer layer 22 are laminated ( drawing 1 1 (D)). Next, the buffer layer 22, the 
confining layer 20, and the active layer 18 are etched one by one, and the island-shape buffer layer 22a, 
the island-shape confining layer 20a, and the island-shape active layer 18a are formed between the non- 
optical absorption fields B by the side of the non-light absorption amount A by the side of one end face 
of an optical resonator, and the end face of another side ( drawing 1 2 (A)). Each class 22, 20, and 18 is 
removed from the non-light absorption amount fields A and B, and the guide layer 16 is exposed in these 
fields A and B. Next, the n-GaAIAs upper clad layer 24 and n-GaAs contact layer 26 are laminated one 
by one on the guide layer 1 6 by the MOVPE (Metal Organic Vapor Phase Epitaxy) method ( drawing 1 2 
(B)). The buffer layer 22a, the confining layer 20a, and the active layer 18a of island shape are embedded 
by the upper clad layer 24. next — not illustrating, either — n lateral electrode on p lateral electrode 
and the contact layer 26 at the substrate rear side, [ form and ] Furthermore a high reflection film (High 
Reflecting Film) is formed in one end face of an optical resonator in the end face of a low reflective film 
(Antireflecting Film) and another side, and a semiconductor laser is completed. 

[0004]In this semiconductor laser, in order to form NAM ( Non-absorbingmirrors ) structure by removing 
the active layer 1 8 from the non-optical absorption fields A and B and to lose the current injection to 
the non-optical absorption fields A and B, the current block layer 12 is formed. The optical damage to 
the optical resonator end face ( COD:CatastrophicOpticalDamage ) is controlled by decreasing generation 
of heat by optical absorption and current injection in the non-optical absorption fields A and B. Moreover 
by control of COD, a long lasting semiconductor laser can be provided by high power. 
[0005] 

[Problem(s) to be Solved by the Invention]However, in the conventional technology mentioned above, the 
n-GaAIAs upper clad layer 24 is laminated on the p-GaAIAs bottom cladding layer 16 with MOVPE 
method. It is because it is difficult to carry out crystal growth on the exposed GaAIAs upper clad layer 
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24 in the LPE method to use MOVPE method. However, if MOVPE method is used, aluminum will oxidize 
easily. Since it will be ruined, therefore a crystal defect will be produced if aluminum oxidizes, it becomes I 
difficult to maintain the operating characteristic of a semiconductor laser to stability over a long period 
of time. 

[0006]moreover — since the active layer 1 8a was made to extend broadly and is provided in the active 
layer transverse direction (arrangement direction of the ridges 12a and 12b) in the conventional 
technology mentioned above — an active layer transverse direction — the current to kick closes, eye 
** is weak and, as a result, oscillation threshold voltage becomes high. 

[0007]Providing the manufacturing method of the semiconductor laser which the roughness of a crystal 
interface can be decreased, and the current in an active layer transverse direction can moreover close, 
and can strengthen eye ** has this invention in order to solve the conventional problem mentioned 
above. 
[0008] 

[Means for Solving the Problem]In order to attain this purpose, a manufacturing method of a 
semiconductor laser of the first invention, In manufacturing a semiconductor laser which establishes a 
non-optical absorption field in the one resonator edge face [ of an optical resonator ], and resonator 
edge face side of another side, respectively, On the first conductivity-type GaAs substrate, one by one 
The first conductivity-type bottom cladding layer, a undoped InGaAsP guide layer, Etch a process of 
laminating a undoped InGaP etching stop layer, an active layer, and a second conductivity-type InGaP 
protective layer of an opposite conductivity type [ conductivity type / first ], and a protective layer and 
an active layer, and, on the other hand, and between non-optical absorption fields of another side, A 
process of forming an island-shape protective layer and an island-shape active layer, and a process of 
laminating the second conductivity-type upper clad layer and the second conductivity-type GaAs 
contact layer one by one on an island-shape protective layer, A process of etching each class from a 
contact layer to a bottom cladding layer, and forming mesa stripe structure from one resonator edge 
face position to a resonator edge face position of another side, A process of laminating the second 
conductivity-type bottom block layer and the first conductivity-type upper block, and embedding a mesa j 
stripe structure side part by these block layers one by one on a bottom cladding layer of a mesa stripe 
structure side part, and a contact layer of mesa stripe structure are etched, A process of reaching on 
the other hand and forming an island-shape contact layer between non-optical absorption fields of 
another side is included. 

[0009]In a manufacturing method of a semiconductor laser of the second invention manufacturing a 
semiconductor laser which establishes a non-optical absorption field in the one resonator edge face [ of 
an optical resonator ], and resonator edge face side of another side, respectively, On the first 
conductivity-type GaAs substrate, one by one The first conductivity-type bottom cladding layer, a first 
conductivity-type InGaAsP guide layer, Etch a process of laminating a first conductivity-type InGaP 
etching stop layer, an active layer, and a second conductivity-type InGaP protective layer of an opposite 
conductivity type [ conductivity type / first ], and a protective layer and an active layer, and, on the 
other hand, and between non-optical absorption fields of another side, A process of forming an island- 
shape protective layer and an island-shape active layer, and a process of laminating the second 
conductivity-type upper clad layer and the second conductivityHype GaAs contact layer one by one on 
an island-shape protective layer, A process of etching each class from a contact layer to a bottom 
cladding layer, and forming mesa stripe structure from one resonator edge face position to a resonator 
edge face position of another side, A process of laminating the second conductivity-type bottom block 
layer and the first conductivity-type upper block, and embedding a mesa stripe structure side part by 
these block layers one by one on a bottom cladding layer of a mesa stripe structure side part, and a 
contact layer of mesa stripe structure are etched, A process of reaching on the other hand and forming 
an island-shape contact layer between non-optical absorption fields of another side is included. 
[0010]It is the second invention that transposed a undoped InGaAsP guide layer and a undoped InGaP 
etching stop layer of the first invention to a first conductivityHype InGaAsP guide layer and a first 
conductivity-type InGaP etching stop layer, respectively. 

[001 1]In any [ of the first and the second invention ] case, a bottom cladding layer and an upper clad 
layer can be made into an InGaP layer, or it can make InGaAsP layers a bottom cladding layer and an 
upper clad layer. 
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[001 2]In any [ of the first and the second invention ] case, a bottom block layer and an upper block layer 
can be made into an InGaP layer, or it can make InGaAsP layers a bottom block layer and an upper block 
layer. 

[0013]Furthermore, in any [ of the first and the second invention ] case, an active layer An 
InGaAs/GaAs distortion amount child well layer, It can be referred to as some one of an InGaAsP/GaAs 
distortion amount child well layer, an InGaAsP/InGaAs distortion amount child well layer, an 
InGaAsP/InGaAs/GaAs distortion amount child well layer, InGaAsP layers, and the GaAs layers. 
[0014] 

[Function]According to the first and the second invention, since a semiconductor laser is manufactured 
using the InGaAsP system semiconductor material which does not contain aluminum, roughness of a 
crystal growth interface can be lessened. 

[001 5]Since the mesa stripe structure containing an active layer is formed and the side part of this 
structure is embedded in the bottom and an upper block layer, respectively, the current in an active 
layer transverse direction can close, and eye ** can be strengthened. 

[001 6]Furthermore the contact layer of mesa stripe structure is etched, on the other hand, it reaches, 
and an island-shape contact layer is formed between the non-optical absorption fields of another side. 
Therefore, when pouring current into the active layer of mesa stripe structure via an island-shape 
contact layer, it can lose substantially that reach on the other hand and current is poured into the non- 
optical absorption field of another side. 
[0017] 

[Example]Hereafter, with reference to drawings, it explains per example of an invention. The drawing is 
only roughly shown to such an extent that it can understand an invention, therefore it does not limit an 
invention to the example of a graphic display. 

[0018]Dra win g 1 - dra win g 9 are the explanatory views of an example, and show main manufacturing 
processes gradually. The sectional view corresponding to the section where drawing 2 . drawing 5 , and 
drawing 7 t ook a top view, drawing 1 , drawing 3 , and drawing 4 along the IHI line of drawing 2, the 
sectional view corresponding to the section which took drawing 6 along the V-V line of drawing 5 , 
drawing 8, and drawing 9 are the sectional views corresponding to the section taken along the VII -VII 
line of drawing 7 . First, it explains per example of the first invention. 

[001 9](1 — 1) In manufacturing the semiconductor laser which establishes the non-optical absorption fields 
A and B in the one resonator edge face [ of an optical resonator ], and resonator edge face side of 
another side, respectively, First, on first conductivity-type GaAs substrate 28 one by one, The first 
conductivity-type InGaP bottom cladding layer 30, the undoped InGaAsP guide layer 32, the undoped 
InGaP etching stop layer 34, the active layer 36, and the second conductivity-type InGaP protective 
layer 38 of an opposite conductivity type [ conductivity type / first ] are laminated. 
[0020]In this example, the first conductivity type by using a n type and the second conductivity type as 
a p type with MOVPE method. On the substrates face (100) 28a of n-GaAs substrate 28, one by one, 
The n-InGaP bottom cladding layer 30, the undoped InGaAsP guide layer 32, the undoped InGaP etching 
stop layer 34, the InGaAs/GaAs distortion amount child well active layer 36, and the p-InGaP protective 
layer 38 are grown epitaxially ( drawin g 1). These each class 32, 34, 36, and 38 is grown up one by one as 
a crystal which continued while making the substrates face (100) 28a carry out lattice matching. 
[0021]Since a presentation and thickness of the guide layer 32 affect the oscillation characteristic of a 
semiconductor laser, it is necessary to determine the presentation and thickness as a proper value. 
Here, the presentation of the guide layer 32 shall be set that the bandgap wavelength of the guide layer 
32 shall be about 760-830 nm, and the thickness of the guide layer 32 shall be about 0.1-0.2 micrometer. 

[0022]The active layer 36 has the quantum well structure which comprises a strained super lattice, 
laminates these InGaAs layers and a GaAs layer by turns, and forms a strained super lattice so that a 
undoped InGaAs layer may be inserted between undoped GaAs layers. In this case, the oscillation 
wavelength of a semiconductor laser is controllable by determining suitably the presentation and 
thickness of a undoped InGaAs layer which form a strained super lattice. For example, what is necessary 
is just to form a undoped ^Ga^As layer (however, 0.15<=X<=0.18) about 6-7 nm thick, in order for an 
oscillation wavelength to be about 980 nm. 
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[0023](1-2) Next, etch the protective layer 38 and the active layer 36, on the other hand, reach, and 
form the island-shape protective layer 38a and the island-shape active layer 36a among the non-optical 
absorption fields A and B of another side. 

[0024]In this example, it crosses all over a protective layer on the protective layer 38, and etching mask 
material, for example, Si0 2 , is laminated. With photolitho and etching technology, etching mask material is 
etched and the appropriate back forms the etching mask 40 ( drawing 2 ). Preferably, only etching mask 
material is selectively etched so that the protective layer 38 may not be etched. 

[0025]The etching mask 40 covers the field corresponding to the island-shape protective layer 38a and 
the island-shape active layer 38a, and exposes the non-optical absorption fields A and B. If the optical 
resonator for constituting one semiconductor laser reaches on the other hand, the numerals C are 
attached and the position of the resonator edge face of another side is shown, in laser beam emission 
direction I, the center section in the field across which the resonator edge face position C of these one 
side and another side faces will be covered with the etching mask 40. And only the distance T1 makes 
one [ the etching mask 40 and ] resonator edge face position C estrange, and the field from the etching 
mask 40 to one resonator edge face position C is exposed as the non-optical absorption field A. Only 
the distance T2 makes the resonator edge face position C of the etching mask 40 and another side 
estrange, and the field from the etching mask 40 to the resonator edge face position C of another side is 
exposed as the non-optical absorption field B. Therefore, the width of these fields A and B in emission 
direction I is T1 and T2, respectively. Width T3 of the etching mask 40 in emission direction I determines 
the length of the island-shape active layer 36a in emission direction [, and width T3 participates 
[ therefore ] in the oscillation threshold voltage, the oscillation efficiency, and the horsepower output of 
a semiconductor laser closely. Here, in consideration of this, it may be about width T3=500- 
700micrometer. 

[0026]That two or more semiconductor lasers should be manufactured in the same process in parallel, 
emission direction I of laser oscillation light is made to estrange two or more etching masks 40 with the 
prescribed interval TO, parallel arrangement is carried out, and stripe shape is made to extend in 
direction RO which intersects these etching masks 40 perpendicularly with emission direction I, 
respectively. In this case, the interval TO is equal to the sum of the width T1 of the non-optical 
absorption field A, and the width T2 of the non-optical absorption field B, for example, if T1 and T2 are 
set to T1 =T2=25micrometer like the case of conventional technology, it will be T0=50micrometer. 
Direction I and RO are directions parallel to the direction shown in the table 1 cited below, respectively. 
[0027]If it finishes forming the etching mask 40, it will rank second, and the protective layer 38 will be 
selectively etched so that the active layer 36 may not be etched, and the island-shape protective layer 
38a will be formed ( drawing 3 (A)). Etching removal of the protective layer 38 of the field corresponding 
to the non-optical absorption fields A and B is carried out by Fukashi who results in the active layer 36, 
and the island-shape protective layer 38a which comprises the protective layer 38 which remains to the 
field corresponding to the etching mask 40 is obtained. The wet etching which used chlorine-based 
etchant, for example can perform such selective etching. What is necessary is just to use what mixed 
commercial HCI for electronic industry, and H 2 0 by the volume ratio 4:1, for example as chlorine-based 
etchant. The appropriate back carries out etching removal of the etching mask 40. Preferably, etching 
removal of the etching mask 40 is selectively carried out so that the active layer 36 and the island- 
shape protective layer 38a may not be etched. The wet etching which used ****, for example as etchant 
can perform this selective etching. 

[0028]Subsequently, using the island-shape protective layer 38a as an etching mask, the active layer 36 
is selectively etched so that this layer 38a may not be etched, and the island-shape active layer 36a is 
formed ( drawing 3 (B)). Etching removal of the active layer 36 of the field corresponding to the non- 
optical absorption fields A and B is carried out by Fukashi who results in the etching stop layer 32, and 
the island-shape active layer 36a which comprises the active layer 36 which remains to the field 
corresponding to the island-shape protective layer 38a is obtained. The wet etching which used the 
mixed liquor of ammonia and hydrogen peroxide, for example as etchant can perform such selective 
etching. As mixed liquor of ammonia and hydrogen peroxide, For example, although what is necessary is 
just to use what mixed the commercial ammonia solution for electronic industry, the commercial 
hydrogen peroxide solution for electronic industry, and pure water by the volume ratio 1:4:15, after 
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etching the active layer 36 into a depth direction in this case, etching goes also to a transverse direction 
(direction in alignment with the active layer 36). Then, if etching removal of the active layer 36 of the 
field corresponding to the non-optical absorption fields A and B is carried out by Fukashi who results in 
the etching stop layer 32, therefore the island-shape active layer 36a is formed, etchant is flushed with 
water promptly after that that lateral etching should be controlled as much as possible. Since the island- 
shape active layer 36a can be formed by in the case of the etchant which mixed ammonia, hydrogen 
peroxide, and water by the mole ratio 1:4:15 the temperature of etchant being 20 ** and performing 
selective etching for about 10 seconds, What is necessary is just to flush etchant with water promptly 
after etching for about 10 seconds. 

[0029]NAM (Non-absorbing Mirros) structure can be formed by removing the active layer 36 from the 
non-optical absorption fields A and B as mentioned above, and forming the island-shape active layer 36a 
among these fields A and B. 

[0030](1-3) Next, laminate the second conductivity-type InGaP upper clad layer 42 and second 
conductivity-type GaAs contact layer 44 one by one on the island-shape protective layer 38a. 
[0031]In this example, the p-[nGaP upper clad layer 42 and p-GaAs contact layer 44 are grown 
epitaxially one by one on the island-shape protective layer 38a with MOVPE method (drawing_4). These 
each class 42 and 44 is grown up one by one as a crystal which continued while making the substrates 
face (100) 28a carry out lattice matching. 

[0032]It is emitted from the island-shape active layer 36a, the non-optical absorption fields A and B are 
spread, a resonator edge face is reached, it is reflected in a resonator edge face, and laser oscillation 
light enters into the island-shape active layer 36a again. In order to enter laser oscillation light in the 
island-shape active layer 36a efficiently in the case of this re incidence, the band gap of the guide layer 
32 is made smaller than the bottom cladding layer 30, the etching stop layer 34, and the upper clad layer 
42, and it is made larger than the island-shape active layer 36. By considering it as mesa stripe structure 
so that the guide layer 32 may be later mentioned with this, the waveguide structure of light can be 
formed in accordance with this mesa stripe structure, and, as a result, re incidence of the laser 
oscillation light can be efficiently carried out to the island-shape active layer 36. 
[0033]The laser oscillation absorption of light in the non-optical absorption fields A and B is controlled 
by making transparent the bottom cladding layer 30, the guide layer 32, the etching stop layer 34, and 
the upper clad layer 42 to an oscillation wavelength. As a result, destruction of the optical resonator by 
optical absorption can be controlled. 

[0034](1-4) Next, etch each class from the contact layer 44 to the bottom cladding layer 30, and form 
the mesa stripe structure 46 from one resonator edge face position C to the resonator edge face 
position C of another side. 

[0035]In this example, it crosses all over a contact layer on the contact layer 44, and etching mask 
material, for example, Si0 2 , is laminated. With photolitho and etching technology, etching mask material is 
etched and the appropriate back forms the etching mask 48 ( drawing 5 ). Preferably, only etching mask 
material is selectively etched so that the contact layer 44 may not be etched. 

[0036]The etching mask 48 covers the field (henceforth, mesa stripe formation area D) corresponding to 
the mesa stripe structure 46, and exposes the other field (following and mesa stripe agenesis field E). If 
the numerals D are attached and the edge position of another side is shown also in direction RO of the 
field which forms one semiconductor laser, in direction RO, the center section in the field across which 
the edge position D of these one side and another side faces will be covered with the etching mask 48. 
And only prescribed distance makes one [ the etching mask 48 and ] edge position D estrange, and the 
field from the etching mask 48 to one edge position D is exposed as one mesa stripe agenesis field E. 
Only prescribed distance makes the edge position D of the etching mask 48 and another side estrange, 
and the field from the etching mask 48 to the edge position D of another side is exposed as the mesa 
stripe agenesis field E of another side. 

[0037]That two or more semiconductor lasers should be manufactured in the same process in parallel, 
direction RO is made to estrange two or more etching masks 48 at intervals of a prescribed interval, for 
example, 350 micrometers, parallel arrangement is carried out, and these etching masks 48 are made to 
extend in stripe shape at emission direction I. 

[0038]When finishing forming the etching mask 48, rank second and by wet etching. Each class of the 
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contact layer 44, the upper clad layer 42, the island-shape protective layer 38a, the island-shape active 
layer 36a, the etching stop layer 34, the guide layer 32, and the bottom cladding layer 30 is etched one 
by one, Sectional shape forms the mesa stripe structure 46 which comprises the mesa contact layer 
44a, the mesa upper clad layer 42a, the mesa protective layer 38b, the mesa active layer 36b, the mesa 
etching stop layer 34a, the mesa guide layer 32a, and the mesa bottom cladding layer 30a of mesa shape, 
respectively ( drawing 6 (A)). The bottom cladding layer 30 is formed in the planoconvex type layer which 
has the mesa bottom cladding layer 30a and the flat part 30b in which thickness is thinner than this, the 
flat part 30b — it has the almost flat surface. 

[0039]Such etching can be performed by using the etchant which comprises the mixed liquor of HBr, 
H 2 0 2 , and H 2 0, for example. By the width of the etching mask 48 in direction RO being 3-5 micrometers, 
the mesa active layer 36b whose width in direction RO is about 1-2 micrometers is formed. 
[0040](1-5) Next, on the bottom cladding layer 30 of the side part of the mesa stripe structure 46, one 
by one, laminate the second conductivity-type InGaP bottom block layer 50 and the first conductivity- 
type InGaP upper block 52, and embed the side part of the mesa stripe structure 46 by these block 
layers 50 and 52. 

[0041 ]In this example, the p-[nGaP bottom block layer 50 and the n-[nGaP upper block layer 52 are 
grown epitaxially one by one on the flat part 30b of the bottom cladding layer 30 with MOVPE method 
( drawing 6 (B)). These each class 50 and 52 is grown up one by one as a crystal which continued while 
making the substrates face (100) 28a carry out lattice matching. The appropriate back carries out 
etching removal of the etching mask 48. Preferably, etching removal of the etching mask 48 is selectively 
carried out so that the upper block layer 52 may not be etched. 

[0042]Since the bottom block layer 50 and the upper block layer 52 form pn junction in the mesa stripe 
agenesis field E and pn junction is not formed in the mesa stripe formation area D, the current injection 
efficiency to the mesa active layer 36b can be raised. 

[0043](1-6) Next, etch the contact layer 44 of the mesa stripe structure 46, on the other hand, reach, 
and form the island-shape contact layer 44b between the non-optical absorption fields of another side. 
[0044]In this example, it crosses all over these layers on the contact layer 44 44a of the mesa stripe 
structure 46, i.e., a mesa contact layer, and the upper block layer 52, and etching mask material, for 
example, Si0 2 , is laminated. With photolitho and etching technology, etching mask material is etched and 
the appropriate back forms the etching mask 54 (drawi ng 7 ). Preferably, only etching mask material is 
selectively etched so that the mesa contact layer 44a and the upper block layer 52 may not be etched. 
[0045]The etching mask 54 covers the mesa contact 44a of the field which sees superficially and 
overlaps the mesa active layer 36b mostly, and exposes the mesa contact layer 44a of the other field. 
[0046]That two or more semiconductor lasers should be manufactured in the same process in parallel, 
emission direction I is made to estrange two or more etching masks 54 with a prescribed interval, parallel 
arrangement is carried out, and these etching masks 54 are made to extend in stripe shape at direction 
RO. 

[0047]If it finishes forming the etching mask 54, it will rank second and the island-shape contact layer 
44b which remains in island shape will be formed in the field which etches the mesa contact layer 44a, 
sees superficially, and overlaps the mesa active layer 36b by wet etching ( drawing 8 (A)). Preferably, the 
mesa contact layer 44a is selectively etched so that the upper block layer 52 may not be etched. The 
appropriate back carries out etching removal of the etching mask 54. 

[0048](1-7) As it ranks second and is shown in drawing 8 (B), form the wrap insulator layer 56, for 
example, Si0 2 , for these each class 44b and 52 on the island-shape contact layer 44b and the upper 
block layer 52, and the appropriate back forms the window 56a which exposes the island-shape contact 
layer 44b to this insulator layer 56. Subsequently, the electrode 58 is formed on the island-shape 
contact layer 44b exposed via the window 56a. The electrode 60 is formed in a substrate rear. In this 
example, in the first conductivity type, since a n type and the second conductivity type are used as a p 
type, as for the electrode 58, p lateral electrode and the electrode 60 turn into n lateral electrode. 
[0049]Since the island-shape contact layer 44b is formed in the field which sees superficially and 
overlaps the mesa active layer 36b mostly and is not formed in the other field, on the other hand, it 
reaches and current is not poured into the non-optical absorption fields A and B of another side. As a 
result, destruction of the optical resonator by current injection can be controlled. 
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[0050] Subsequently, as shown also in drawing 9. on the other hand, reach and cleavage is carried out in 
the resonator edge face position C of another side, The high reflection film (High Reflecting Film) 62 is 
formed in one resonator edge face, and the appropriate back forms the low reflective film (Anti- 
Reflecting Film) 64 in the resonator edge face of another side. On the other hand, it reaches, the 
appropriate back carries out cleavage in the edge position F of another side, a semiconductor laser is 
divided into each element, and a semiconductor laser is completed. 

[0051]In the example mentioned above, a n type and the second conductivity type are used as a p type 
for the first conductivity type, and also a p type and the second conductivity type can be used as a n 
type for the first conductivity type. Or the bottom cladding layer 30 and the upper clad layer 42 are 
made into an InGaP layer, and also they can be made into InGaAsP layers. Or the bottom block layer 50 
and the upper block layer 52 are made into an InGaP layer, and also they can be made into InGaAsP 
layers. Make the active layer 36 into an InGaAs/GaAs distortion amount child well layer, and also Or an 
InGaAsP/GaAs distortion amount child well layer (quantum well layer which comprises the strained super 
lattice formed using InGaAsP and GaAs), An InGaAsP/InGaAs distortion amount child well layer 
(quantum well layer which comprises the strained super lattice formed using InGaAsP and InGaAs), It 
can be referred to as some one of an InGaAsP/InGaAs/GaAs distortion amount child well layer 
(quantum well layer which comprises the strained super lattice formed using InGaAsP, InGaAs, and 
GaAs), InGaAsP layers, and the GaAs layers. The active layer 36 is good as undoped, and good also 
considering the active layer 36 as an active layer of the first conductivity type or the second 
conductivity type. 

[0052] Drawing 10 is a figure showing an example of the optical power-actuating current characteristic in 
connection with the semiconductor laser manufactured in the example of the first invention mentioned 
above, and actuating current (mA) is taken and shown on optical power (mW) and a horizontal axis at a 
vertical axis. In the example shown in the figure, the semiconductor laser which set width T1 and T2 of 
700 micrometers and the non-optical absorption fields A and B to 40 micrometers for the length of the 
mesa active layer 36b in emission direction I, respectively, therefore set optical resonator length to 780 
micrometers was manufactured. And in the room temperature of 20 **, continuous action of this 
semiconductor laser was carried out, and the optical power-actuating current characteristic was 
measured. Since it is considered as the embedded structure which embedded the mesa stripe structure 
46 by the current block layers 50 and 52, an oscillation threshold is 5-7 mA. As for the case of this 
example, in the case of the literature 1 described by the paragraph of conventional technology, as 
compared with the oscillation threshold having been 40 mA, the oscillation threshold of a semiconductor 
laser can be substantially made small. In the case of this example, he can understand that COD is not 
observed to near 1 80 mA of a horsepower output, therefore NAM structure can be formed effectively. 
[0053]Next, it explains per example of the second invention. This example the undoped InGaAsP guide 
layer 32 and the undoped InGaP etching stop layer 34 of an example of the first invention which were 
mentioned above, respectively, It is an example replaced with the first conductivity-type InGaAsP guide 
layer 32 and the first conductivity-type InGaP etching stop layer 34, and others are the same as that of 
the example of the first invention mentioned above. Hereafter, the detailed explanation is omitted about 
the same point as the example of the first invention. 

[0054](2-1) In manufacturing the semiconductor laser which establishes the non-optical absorption fields 
A and B in the one resonator edge face [ of an optical resonator ], and resonator edge face side of 
another side, respectively, First, on first conductivity-type GaAs substrate 28 one by one, The first 
conductivity-type InGaP bottom cladding layer 30, the first conductivity-type InGaAsP guide layer 32, 
the first conductivity-type InGaP etching stop layer 34, the active layer 36, and the second 
conductivity-type InGaP protective layer 38 of an opposite conductivity type [ conductivity type / first ] 
are laminated. 

[0055]In this example, the first conductivity type by using a n type and the second conductivity type as 
a p type with MOVPE method. On the substrates face (100) 28a of n-GaAs substrate 28, one by one, 
The n-InGaP bottom cladding layer 30, the n-InGaAsP guide layer 32, the n-InGaP etching stop layer 34, 
the InGaAs/GaAs distortion amount child well active layer 36, and the p-InGaP protective layer 38 are 
grown epitaxially ( drawing 1 ). 

[0056](2-2) Next, etch the protective layer 38 and the active layer 36, on the other hand, reach, and 
form the island-shape protective layer 38a and the island-shape active layer 36a among the non-optical 
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absorption fields A and B of another side. 

[0057]In this example, the etching mask 40 is formed on the protective layer 38 ( drawing 2 ). The etching 
mask 40 covers the field corresponding to the island-shape protective layer 38a and the island-shape 
active layer 38a, and exposes the non-optical absorption fields A and B. Subsequently, the protective 
layer 38 is selectively etched so that the active layer 36 may not be etched, and the island-shape 
protective layer 38a is formed ( drawing 3 (A)). The appropriate back carries out etching removal of the 
etching mask 40. Subsequently, using the island-shape protective layer 38a as an etching mask, the 
active layer 36 is selectively etched so that this layer 38a may not be etched, and the island-shape 
active layer 36a is formed ( drawing 3 (B)). 

[0058](2-3) Next, laminate the second conductivity-type InGaP upper clad layer 42 and second 
conductivity-type GaAs contact layer 44 one by one on the island-shape protective layer 38a. 
[0059]In this example, the p-InGaP upper clad layer 42 and p-GaAs contact layer 44 are grown 
epitaxially one by one on the island-shape protective layer 38a with MOVPE method ( drawing 4 ). 
[0060](2-4) Next, etch each class from the contact layer 44 to the bottom cladding layer 30, and form 
the mesa stripe structure 46 from one resonator edge face position C to the resonator edge face 
position C of another side. 

[0061]In this example, the etching mask 48 is formed on the contact layer 44 ( drawing 5 ). The etching 
mask 48 covers the field (mesa stripe formation area D) corresponding to the mesa stripe structure 46, 
and exposes the other field (mesa stripe agenesis field E). Subsequently, each class of the contact layer 
44, the upper clad layer 42, the island-shape protective layer 38a, the island-shape active layer 36a, the 
etching stop layer 34, the guide layer 32, and the bottom cladding layer 30 is etched one by one by wet 
etching, Sectional shape forms the mesa stripe structure 46 which comprises the mesa contact layer 
44a, the mesa upper clad layer 42a, the mesa protective layer 38b, the mesa active layer 36b, the mesa 
etching stop layer 34a, the mesa guide layer 32a, and the mesa bottom cladding layer 30a of mesa shape, 
respectively ( drawing 6 (A)). 

[0062](2-5) Next, on the bottom cladding layer 30 of mesa stripe structure 46 side part, one by one, 
laminate the second conductivity-type InGaP bottom block layer 50 and the first conductivity-type 
InGaP upper block 52, and embed mesa stripe structure 46 side part by these block layers 50 and 52. 
[0063]In this example, the p-InGaP bottom block layer 50 and the n-InGaP upper block layer 52 are 
grown epitaxially one by one with MOVPE method in the shape of [ of the bottom cladding layer 30 ] flat 
part 30b ( drawing 6 (B)). 

[0064](2-6) Next, etch the contact layer 44 of the mesa stripe structure 46, on the other hand, reach, 
and form the island-shape contact layer 44b among the non-optical absorption fields A and B of another 
side. 

[0065]In this example, the etching mask 54 is formed on the contact layer 44 44a of the mesa stripe 
structure 46, i.e., a mesa contact layer, ( drawing 7 ). The etching mask 54 covers the mesa contact 44a 
of the field which sees superficially and overlaps the mesa active layer 36b mostly, and exposes the 
mesa contact layer 44a of the other field. Subsequently, the island-shape contact layer 44b which 
remains in island shape is formed in the field which etches the mesa contact layer 44a, sees superficially, 
and overlaps the mesa active layer 36b by wet etching ( dra wing 8 (A)). 

[0066](2-7) Rank second, and as shown in drawing 8 (B), cover the upper block layer 52 with the 
insulator layer 56. The insulator layer 56 has the window 56a which exposes the island-shape contact 
layer 44b. Subsequently, the electrode 58 is formed on the island-shape contact layer 44b exposed via 
the window 56a. The electrode 60 is formed in a substrate rear. 

[0067]Subsequently, as shown also in drawing 9 . on the other hand, it reaches and cleavage is carried 
out in the resonator edge face position C of another side, the high reflection film 62 is formed in one 
resonator edge face, and the appropriate back forms the low reflective film 64 in the resonator edge face 
of another side. On the other hand, it reaches, the appropriate back carries out cleavage in the edge 
position F of another side, a semiconductor laser is divided into each element, and a semiconductor laser 
is completed. 

[0068]In the example mentioned above, a n type and the second conductivity type are used as a p type 
for the first conductivity type, and also a p type and the second conductivity type can be used as a n 
type for the first conductivity type. Or the bottom cladding layer 30 and the upper clad layer 42 are 
made into an InGaP layer, and also they can be made into InGaAsP layers. Or the bottom block layer 50 
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and the upper block layer 52 are made into an InGaP layer, and also they can be made into InGaAsP 
layers. Or make the active layer 36 into an InGaAs/GaAs distortion amount child well layer, and also. An 
InGaAsP/GaAs distortion amount child well layer (quantum well layer which comprises the strained super 
lattice formed using InGaAsP and GaAs), An InGaAsP/InGaAs distortion amount child well layer 
(quantum well layer which comprises the strained super lattice formed using InGaAsP and InGaAs), It 
can be referred to as some one of an InGaAsP/InGaAs/GaAs distortion amount child well layer 
(quantum well layer which comprises the strained super lattice formed using InGaAsP, InGaAs, and 
GaAs), InGaAsP layers, and the GaAs layers. It is good also as undoped in the active layer 36, and good 
also considering the active layer 36 as an active layer of the first conductivity type or the second 
conductivity type. 

[0069]An invention is not limited only to the example mentioned above and can change [ therefore ] 
arbitrarily suitably the shape, the size, the arranging position, the formation material, a presentation, the 
numerical condition, and others of each constituent. 
[0070] 
[Table 1] 

;frt°K ||<0 1 1 >^l°! 
*fq|a ||<0 iTxfrfel 

[0071] 

[Effect of the Invention]Since a semiconductor laser is manufactured using the InGaAsP system 
semiconductor material which does not contain aluminum according to the manufacturing method of the 
semiconductor laser of the first and the second invention so that clearly also from the explanation 
mentioned above, roughness of a crystal growth interface can be lessened. And since the mesa stripe 
structure containing an active layer is formed and the side part of this structure is embedded in the 
bottom and an upper block layer, respectively, the current in an active layer transverse direction can 
close, and eye ** can be strengthened. In hard [ slight / this ], the operating characteristic of a 
semiconductor laser can be maintained over a long period of time more stably than before, and, 
moreover, oscillation threshold voltage can be reduced conventionally. 

[0072]Furthermore the contact layer of mesa stripe structure is etched, on the other hand, it reaches, 
and an island-shape contact layer is formed between the non-optical absorption fields of another side. 
Therefore, when pouring current into the active layer of mesa stripe structure via an island-shape 
contact layer, it can lose substantially that reach on the other hand and current is poured into the non- 
optical absorption field of another side. Destruction of the optical resonator end face according to 
current injection in hard [ slight / this ] can be controlled. 



[Translation done.] 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1]It is a manufacturing process figure with which explanation of an example is presented. 
[Drawing 2] It is a manufacturing process figure with which explanation of an example is presented. 
[Drawing 3] (A) - (B) is a manufacturing process figure with which explanation of an example is 
presented. 

[Drawing 4] It is a manufacturing process figure with which explanation of an example is presented. 
[Drawing 5] It is a manufacturing process figure with which explanation of an example is presented. 
[Drawing 6] (A) - (B) is a manufacturing process figure with which explanation of an example is 
presented. 

[Drawing 7]It is a manufacturing process figure with which explanation of an example is presented. 
[Drawing 8] (A) - (B) is a manufacturing process figure with which explanation of an example is 
presented. 

[Drawing 9] It is a manufacturing process figure with which explanation of an example is presented. 
[Drawing 10] It is a figure showing the optical power-actuating current characteristic of the 
semiconductor laser of an example. 

[Drawing 1 1] (A) - (D) is a manufacturing process figure with which explanation of conventional 
technology is presented. 

[Drawin g 12] (A) - (B) is a manufacturing process figure with which explanation of conventional 

technology is presented. 

[Description of Notations] 

28: Substrate 

30: Bottom cladding layer 

32: Guide layer 

34: Etching stop layer 

36: Active layer 

36a: Island-shape active layer 

38: Protective layer 

38a: Island-shape protective layer 

42: Upper clad layer 

44: Contact layer 

46: Mesa stripe structure 

50: Bottom block layer 

52: Upper block layer 



[Translation done.] 



http://www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.ipdl.inpit... 2008/05/01 



d9)0*B#^jt (jp) (12) & gf) ^ fft & W (a) (u)mmm&mm 

#BS¥7- 122813 

(43)&W0 7 if (1995) 53120 



(51) IntCl. 0 




FI 




HOIS 3/18 














*Mtt m?m<D&5 OL (£14H) 


(21)tfJ«#ff 


ttB¥5 -269241 


(71)WHA 


000000295 










(22) urns 


5^(1993)103270 




mmmmm; m t g 7 #i2# 






(72)flW# 










^5*iE^/FnTS7#12^ ffllA 






(72)fg9$f 










^U5jSK^/PnTS7#12^ 
















•fa ISA 








^»«i^g/pnTa7#i2^ wsa 














(74)ftSA 


#S± AS # 


(54) Bg9f0£*W 








(57) [Kft] 




C 


c 



[M n-GaAsg$28±«jMCn-InGaP 9yy Kl 
30a , n-InGaAsP U-i KJf32a , n-InGaP x.y=f-y^f7, 

hy/l34a % InGaAs/GaAs S^-i^FffittJf 36b , 
p-lnGaP {fc^Jf 38b , p-lnGaP V y y Kl42a ,K.tfp-Ga 

5o * lx l mmmmm ?yy ksmb ±k 

JfifW^p-InGaP «^7'ns/^lXan-InGaP W^B? 
tMiftMtZo SUfcLKK^InGaAsP W%m!ffl$t*. 

%^?><DXW)mm%mkX%, tt^^Yy^y 0 

mmzmmy'v y?mxMft&tf(Dx%Mm{mj±m 




62 : msmm 64 : &mm 



a a s MM±\mdtK, n-mnmTmt 

7 V Kl, TV K~7° InGaAsPWKi, TV K 
—7° I n G a P^y^^* h y7°l, fStf-S&tfff- 
£ tt£*f*SS©l£X«11S I n G a PftHlS: 

iMEft^&lW^&^yT^U -^AVUirff© 10 

ftffS^ N TV 7°«5tMW©TiliJ^ 7 y K1XW1 

J|X*|®MT{lij7 p-^ Jg£tf»-*m§!±W7* 20 
py^llU rftib7*Pyyl^Mf^f-7 hTV 
7°#itM«Srfflfe^tpI^i:> 

flcu- iF©$fjtm 

^-^miGaAsS«±WI^(C, m-^mST«^ 30 
7 S/ Kl, InGaAsPW Kl, SM* 

tilnGaPJy^hy^i, 

^*ti**i!0S&ri»«§! I n G a PftUgS: 

MfE{fcKl&VWl£^y7^U -^AOW© 

INSIST 

MfSft^llX^IP^ic:, %ZMm.h\m 7 y Kl 

40 

^y^tr, h7^7m^-*©*^«ffifi 

mm if* h 7^ TTf i£M«©TiI^ 7 y KlXidI 

7°fMMiJa5 SrfflfeiAtf X@ £ % 

IfflE^t* h7^7°ff5t©=!y^^ Mtiyf^L 



7-122813 

2 

[IS#S3] »*iIlXti2ffl«c©#«#:U-f©M 

T»7y K«fttf±ffl * 7 y Kl & I n G a P 1 £ 
U Xl±, T$J* 7 y Kl£tf±tt* 7 y Kl£ I n G 

m 

Tfil|7nyy-l&V±flJ7Py^l£l nGaPlt 
U Xtt, T«ij7'ny^l^±ffl7'ny^lSrI nG 

aAsPiRfer^«t5 i — mm 
m 

5 ] 11*11 1 Xft 2 f5«©¥*# U-1f©S 

ffittl£, InGaAs/GaAslM^Fi, I 
nGaAsP/GaAsMf^Fi, I n G a A s 
P/InGaAsSMWFIs InGaAsP/I 
nGaAs/GaAsi^l^Fi, InGaAsP 
MAVG a A s lOVvf *U&»l>ioi Lfcr i Sr#»fc 

[0 0 0 1] 

[«*±©*JJI1£!SF] r©*Mf±^*#^-1f, tffcft 
[0 00 2] 

[^*©Sfff] Z<D&D*mi'~-ftL 
X, 1 : IEEE JOURNAL OF QUANTUMELECTRONICS V0 
L.25, NO. 6, ppl495 ~1499, JUNE 1989 kHS*£ftT 

1^3 01 lXtfHl 2fir©^*©^#: 

f©Miil^^«tei-*t^!lBl-Cfc5o 
[0 0 0 3] ^©Mjtf^o Tf±, £1\ p-GaAs 

g«io© (ioo) Hl^i^y^u, ^f-ft- 

$ftl0a£»f3 o ^f-ft^frl0aSr£Rl0© 
WJSiBa»&*ft€;h#ra£tf5 (011 (A) ) o * 
fc> LPE (Liquid Phase Epitaxial) 9, 
0altn-GaAsiS7'ay^ll 2 
(011 (B) ) o JSfetC^ «t/ny^I12 
fciyf-J/^l/t, ^Jt5 2*©y yv^l 2 a AVI 
2 b £»f 6o r. ft b !> y 5? 1 2 a A V 1 2 b ©K"C 
^f-S^ftl 0 aSrflltb$*5 (011 (C) ) 0 7jfe 

LPEffi(Cj;i9, U yv?l 2aAVl 2b±}i, II 
l^K, p-GaAl AsTW^7y Kll 4, p-Ga 
A 1 A s Kll 6 s 7^ K-7°G a A 1 A s ffittl 
18, n-GaAlAs|Cafti2 0S(/n-GaA 
lAs/<y77*2 2!r«l1-* (011 (D) ) „ 2fc 

Ay 7712 2, ^C^fcl2 OAVSttll 8$r 
KlftJd yf^^ L s ft#ig$©-#© J£ffifl!l©#ft!R 
UK* A&l«te*©4SSfl!l©*3tKiDlflS« B © ffl ft^/< 



3 

V ? 7l 2 2 a , C&&1 2 0a Xtf ftftgttg 

1 8 ae^tS (HI 2 (A) ) o ^KKHKA 
Xt5Bd»b#Ji2 2, 2 0£tfl8iHfcSU -ftbfS 
«AXtfBlCjSV^r^ Kll 6£fftti£-£3 0 ftfc, 
MOVPE (Metal Organic Vapor Phase Epitaxy ) 2fe 
tCtU, #>f Kll 6±ldi^li, n-GaAl Asi 
AH* 7? Kl24St;n-GaAsn^^ M 2 6 & 

(Ull 2 (B) ) c *!R©/<y77l2 2a, 
2 0a £OT£ttl 18a^ ±fl!|* 7 y Kl 

2 4T*fflfeEtfc fcfc, HS^rft, »K*ffi{ffl^p{|iJ 10 

fc3t*lg#©-#©*ffiEW£KltlB (Antireflecting F 
ilm ) Sr£im#©*ffiEKii5Klt& (High Reflecting 
Film) *mLX, *mftls~-ft:%J$t$o 
[0 0 0 4] L(D^W^-fX\X ftmtmi&A* 

B *>fcffittl 1 8 Sr^*t5 £ i t J: 9 NAM (Non-ab 
sorbing mirrors ) m&m&tZ k#KL#mUm 
A, B^oS«ESEASrft<tfc«)tJ:S«E^py^ll2 

&A.fc£5*BS:*^$ttS::ifc.fctK ft*|g«E 20 
©}fc¥#)S4I (COD : Catastrophic Optical Damage 
) S:»fWt5. CODWfpfjjiJicJ;^ KStitfreLiM) 

[00 0 5] 

f&fcKflfTHu MOVPESia^ p-GaAlAs 
TtJ? 7 y Kl 1 6 ±fc n-G a A 1 A s ±M? 7 y K 
l2 4*«l1-«. MOVPE£j£ffl^3©f±, LPE 
ffiTftt, Kffl $*fcG a A 1 A s ±iJ^ 7 y Kl 2 4 ± 
i^ H H H ^$*5^i^il^fe5-i(cJ;5 o L^L 30 
MOVPEMffl^5iAl«L|l\ Al^BWk 
t 5 £ TWRXf±M9 7 y Kl 16M18 ©$£ h b b#E 
^ti$oTfe H a B ^££C;5©?\ ^zgftu— ?©»] 

[0006] £fc±&Lfcft*sarm fiftfeifltfrifij 

( y y v 5 1 2 a , 12b ©iE^ft) (Cffittl 1 8 a £ 
«j£<JE££#TRtt-C^30-?, fiftfelfltfrfifcttS 

45o 40 
[00 0 7] r <D%mtt±&Litft%<D®mM.&ffl:t 

ffittl«t^lRl»c*Jtt«S«E©Hi:3i«)S:SSl<t5^t© 

[00 0 8] 

fc, »-»!fl©i|y»#U-!f©«JS*ffiH:, *#S^© 

rub, m-mmmGaAsmm-timmcs m-mm 50 



mWiW 7-1 2 2 8 1 3 

4 

7 y Kl, 7> K-7* InGaAsP^K 
1, T^K-^InGaPiyf^h^l, ffitt 
IXlflMWII!* 14R#»«1!0*-*^! I n G a 
Pffiill£«ltSIg£, ^IJWWlSr^f- 

IXtffttti^&JBjfc* 3lgi\ ft^ftfSl±Jc)d 

ftt, m~mmm? 7 y KixtfasrsmsG a a 

W5y Kl*-CO#lft*y^y^tX, Vy 

imtxftmtzxut, h7^7°p3tMW© 

7 y Kl±ldl&^ Jg-«SST$J7*P y *1 

^^-«ms±{iij7'n y ? mmu rti^n vt 

x hy47im<D=iy?t M&^y^y^LT, 

[0 0 0 9] J£_3PJ©¥«ftU-1f©M^£f±, % 
*SS©-*©*jg*4gS©fiiXtm*©*fi«j|SB5© 

Mitts d , a a 8 ws±toift 

»-**l!Tfl!l* 7 y Kl, H-*fSS I n G a A s P 
#>f Kl, I n G a Pxyfy^ h y7° 

1. 8^StJ«-**S£»iE^*S©*Z**l! 
I nGa PfiWlSr«lt5iei, ft«l£tffiftl-l 

iGaAs M^aitsimi, 

ld»bTflJ^7y Kl^-C©#l^^y^y^tX, t 

s«ffifi« t x*mt s ie t , ^ t ^ h 7 w 7°ti3t 

M«©TfJ^7y Kl±WI*(c, 

n y ^lXtm-**i!±flS^n y ^ ^^1 L, ^ b 

[00 10] K-7°I nGaAsPW 

KlfttfT^K-^I nGaPiyfy^hy^ 
tnftls m-^mS I n G a A s P U4 VMRXffi- 
itil nGa Pxyf fy^itff^fct 
©^ZHKT»fe5 0 

[0 0 11] ^-^0^-^J^t^©^^, Til^ 
7 y KlXt5±ffiy^ 7 y Kl* I n G a Pi k U X 
tt, Tfil^ 7 y KlAt5±«^ 7 y Kl* I n G a A s 
PMktZ>Z.ktfX%% 0 

[0012] *KM-Rxffir.m^-f1ri<o&&t>. T 

flij7-py^l&tf±{Kj7Py^l£l nGaPliU 
X\X TM7v y 9 Wmm?* Py^lSrlnGaA 



[0013] £ ^(^-^fg-IPJ^fix©^^ 
Sttl£, InGaAs/GaAslTOm I 
nGaAsP/GaAsI^if#FI, InGaAs 
P/InGaAsSMWFi, InGaAsP/I 
nGaAs/GaAsMlf^FE InGaAsP 
Jf&tfG a A s 1 © V vf ftM> t o k 1 5 - i # T* £ 
5„ 

[0 0 14] 

[ffrB] fKRtfSSrisgiifcifttf. a l i 10 

nGaAsPlflftMK, 

[0015] sfcstti^tf^f-^ byj^mmm 

& U £ ©*M©^« fc* ftWTMR ±«7*ti y 

[0 0 16] £ h?-f M 

©fc*«Wfc*<tt$. 
[00 17] 

[ooi8] mi-m9mmm<Dmmm-^h^x±m 

ft«tIgftll!Ptfttt*t. 0 2, 05X^121 7 tt¥iS 30 
BU His 03#tfB4f±l8 2©II-Itf|l;:JGoTJ&o 

fcSr®fc#J£t5»rffiBU 06tt05©v-Vi»KJBo 
■C®ofc»fffit^t5Bfffi@, 08&tf09fig|7© 

vii -vii Bw^x^mmzmtmmm^h 

[0019] ( l - l ) 3fc#jg3§©-;*7 ©#fi£*BE© 
«iJ^0te*©*^*ffi©fiiJ(i^ti€lx^7tP^ilX^A 

f\ &-S**!G aAsl«28 iWi/jWC, 
M I nGa PTfl!^7y Kl 3 0, 7VY~-f I nGa 40 
AsP#-f KM3 2, 7yK-^InGaPiyfy^ 
* H y 7°1 3 4 , Sttl 3 6 t 

nm<o%~wm i n g a p^si 3 s tasts. 
[0020] sM»*s&n§LRtf$& 

r^SSSrpSttStO-Cfco-C, MOVPE&i 
9, n-GaAsSS28© (100) S«®28a± 
fC)f&^ n - I n G a PTflS* 7yKl3 0, 7V K 
-71 nGaAsPW K13 2, T^K-^I nGa 
piyfy^ hs/7 9 l3 4 s InGaAs/GaAs 
I*i^FffittS3 6S()tp- I nGa PSSI3 8 50 



7-1 2 2 8 1 3 

6 

^xt7^r->t;vMH5 (Hi) . wttb#l3 

2, 3 4, 3 6X^3 8*. ( 1 0 0) S«ffi2 8 a (C 
5o 

[ 0 0 2 1 ] # >f KS 3 2 ©«& Jf $ V- 

mmmz&iEtz>mftb%. #vki3 

2©/<y K=¥^S/7°2&ft£7 6 0-8 3 0 nmg££-f 
5 i 5 fctfW Kl 3 2 ©»j£&£«>, #>f Kl 3 2 ©J? 
££0. 1-0. 2ymggtt5„ 
[0 0 2 2] ffittl 3 6 Vm&mrf- «fc 9 

DlSfctfU k-7g a a s iofitry K-7° I 

nGaAsJfci*tfJ:5fc£Jt& I nGaAsfMG 
aAsJg^mcttlLt^jgt&iFSr^^tS. i© 
*3\ ^atH-Sr^tSTyK-T'I nGa A si 
©ifijfcRlW? $ SMfcJEt 5 r £ «t 5 , 
^©^SlSKftSrflia^-eta. #J£i23M^£9 8 0 n 
m@^1-5iil±, J?$6~7nm@S©7yK-7°I 
n, Gai-x Asl (ffiLO. 15^X^0. 18) & 

[0 0 2 3] (1-2) ftfc, Wm 3 8&0«1 3 

B©M^ AttftfltJl3 8 aXVft*flH41 3 6 a 

[0024] ^©ISiSWm ftgl 3 8 ±UHft«l£ 
ffifCfr/coT, iyfy^^?Hlt«SiO. £ 

aits. 7* h y yxwaiy^y^^Efift i 
^mo fcfcrtta (H 2 ) „ s t < mm 3 

8&:ty^y^Ue^.fc5fcxy^^**#$©* 

[0 0 2 5] xy^i/^-r^^4 0ttft4Jtft«l3 8 a 
X^ft^ttl3 8 aK#j£t5«#*:«V\ #»4X 
ft$A, B^HtUt^ ^ftu-f-*^#$-f5 
fc©©3t*Jg«©-*Xtm*©*JgS*S®©fl:«Sr# 

*i b~mvm<D&M%mmm c ^tpfls«^© ^ 

*gpSr^s/^y^^^4 OTTOS. ^Ltiyfy^ 
^ 4 0 t -*©*S«ffifigC i 5rSg»T 1 m 

ffillC*Tf©®«Sr**!ftil5l««Ai: LTflltH$*5. 

0 tm^©*S«Ef5ltC t 

*©*Jg*jSffi{tSC*-e©^«Sr^3tKiDli!S«B i t 
T^W^-y:5 0 ftoTliJ^^KitjrtS^tifeiSttA 
XtTB©Stt-tJl-enT 2-e*5„ ttilt*^]^ 

tfcttfi^yf-^^^ ^40 ©HT 3 iitiiW*^]^ 
*J«-5ft*tffitt«3 6 a©fl:$Sr^t5 1 b©Tfeo 



if LT^IT 3 = 5 0 0 ~ 7 0 0 » t?& 0 
[0 0 2 6] Sitcm<D*mi'-f&mLX®-7 

~^u%(omiiM \z.?mm7 o xmrn^x^t 

z.<DWt&, mmroix #wmmA<DmT i 

2 zmmvm&k mmizT 1=12=25^^ 

tiffs T0 = 50/imt&5„ ^ft^&tfnfi^ave 

[0 0 2 7] ^yf-y?-?X? 4 0 SrffM tH^fcb, 

8 fcafttofc^yT^LT* ft$&Ml 3 8a SrffM 
t-5 (03 (A) ) „ #ft«J&l£#A, B fl^USt 51S 
tt©ft«l3 8Sr?Sttl3 6fc5SSSS-C3:y^^ 
^s/^y^>^^4 0(^jSt?.TO-a#t 
5fiM3 8±9#5AfcfiW3 8afc#5. r©<t 
5 ftSfttt^ v <j-y#^ Milffiili yftl'F* 
lit^y h^yf-^KJ:^ fr*5 

IfflHC 1 kHiOt&imit* : lT?fi£Lfcfc0fc 

3 8 a*iy^^UiV^5^yf-^^^^4 0 

[0 0 2 8] fc^"C % bLx&imm 

I3 8atlt\ r©!3 8 afciyf-f^UtV^S 
fcffittl 3 6 ifflRS!ll:xyf^^ L-C, AftffittJf 3 
6a«f5 (133 (B) ) o #mUm®A, BK 
#*St*«*ofiH4l3 6Srxy^^ by:/* 3 2 
tS3«ittxyf>^U ft$«^Jf 3 8 a (C 
^JS?t5ffi«^»#t«Stt«3 6 AttfiftfeE 
3 6 a Sr#5. J: 5 ftS^ft^y^y^ Hfctf 
lyf+yF £ LT7y*=7£tf»lMbJc*0»£tt 

5 o Ty^=7S0ji^ft7jc^©?I^tLXtt, flilx 

BMtek**fc#fi#£&#mi : 4 : 1 
©Srffivvfrtf&v^ :o|^ SttJg3 6S:»$*lRl 

fcfcaiy^i/^aSJltf. tiT?*3tRlR««A, Bfcft 
^■T5i!S«©ettJi 3 6 ^vfVf^ Y Vfm 3 2 
SSjR$*-eiy^^KJ*tfto-cA«tflSttl3 6 a 
& J&fr? t fc , KWri^l ©3i y ^feWfiiiJ "M < 



(5) Wm- 7-1 2 2 8 1 3 

8 

T» 1 O^WMfccy^l'^fclT* 5 £ t KX. 5 
1413 6 aeMtt30t\ #?J1 O^Ciyfy^ 

[0 0 2 9] J^©.fc5KLT#ft!ftl|X^!$A, B*»& 
SttS3 6&8fc*Lw*l^#A, B©ra^AiRffittS 
3 6a ^Mf5 r. £ £ £ 9 , NAM (Non-absorbing 
Mirros) ffififcJftjTCtS. 

[0 0 3 0] (1-3) Jfcfc, Att#f8€3 8a±£)G 
10 Jfcfc, Jg-^IS I n G a P ±fi J* 7 y YM 4 2 H 
IltlGaAsn^^ hJg4 4Sri»lt3. 

[0 0 3 1] rw^feflftfHU MOVPEffilij;l9, ft 
ttftgjg 3 8a ±ld(I?fcfc, p - I n G a P kMt 7 y 

Ki4 2Mp-GaAsn^^ hi44S;xW^ 
(B4) . ^nb*!4 2Xtf4 4 

(ioo) mm2 8 a \mm&^tetfbmm 
LtMkLxmmzmzitz, 
[oo3 2] u-^mmm&immz e &t>>t>m 

20 9 , $ ftTStf Attffitel 3 6a 

gttl 3 6a £AJt£#5fc«\ #V Kl 3 2 (D^y Y 
T«^7yKf3 0, xyfy^hy^ 

€ 3 4&tf±fiiJ* 7 y Kl 4 2 J: 9 Vh£ < 1 5 1 *(c 
ft^Sttl3 6 i«9fc±t<1-5 0 rtit*^^Kl 
3 2 &&3£-f 3 £ 5 h7^7 0 ^tt5^<t^ 

< ftftffittl 3 6 -SAtt£*5 c: £ 5„ 

30 [0 0 3 3] *fcTH^5y K13 0, #V K13 2, 
x y f-y ^ h y 7°M 3 4 S^±fi!l^ 7 y YM 4 2%% 

mfflkKttLXT&wktzzkkXQs 

a, BK&nzi"-i ! %m%<DVifk*m+Zo z.<d% 

[0034] (1-4) ^Id, M44i»feT 
1^7y K13 OSTC^JtSriyf-y^L-C, 

[0 0 3 5] L(DmmmX\±, 3^ni44ll:3 

a s i o 2 femt a. fcs** 7* h y yRv^y?- 

U xyfy^^4 8«f§ (SI 5) „ 

<», =ty^^7 M4 4*3iy^^UiV^5^y 

^yy^xtttftnttmSM^yJ-yytZo 

[0 0 3 6] ^y^y?-7X?48te/tXhy47°M 

i&4 6\zmtm® (&t. tvxvyjymm 

D) Sr«v\ *iiei^«)1H« (£tT, ^t^h7^7°# 
MSE) SrlWt3„ ^#1^- f-Sd^^ritt 
50 5M«©*[^n i-*3(t5-*Xt;ffi7j(DWit^^^ 



9 

D&ffL-CijStftf, ^n\OS^X, Ztlh-JjRxm 

-e** 4 8 tffi*©WitD £ $rM£E*fc*tt*ra£ 
[0 0 3 7] *fea*0^#:u— fSritfTLTI^-T' 

fa*\c-j5fewmm* 5 o /xmraii-efira$*r3fe5!i 

[0 0 3 8] a:yf-y^-r^^4 8fc»jjSL»A.fcb, 

4 , 7 y Kl 4 2 , mmfS 3 8a, ftftffitt 

13 6a, iyfy^hy^!3 4, ^Kl3 2S 
xrmtJy K13 OO^lftJBfttiy^y^L-C, 

a, ^f±W7y KJf42a, *t#»l3 8b, ^ 
t?§ttl3 6b, ^fxyf^hy^l3 4«, ^ 
1W K|3 2a Atf* tTflO ^ 7 y Kl 3 0 a £ 9 $ 

zjy-xhyj^mmG&mtz (06 (a) j . 

Till? 7 y Kl 3 0 fi> f-TIIJ^ 7 y Kl 3 0 a t Ztl 

x "9 hmm^m 3 0 b wt»ii^ 

$1-5, Tffl»3 0bjaffspffl4*iii**t«. 
[0 0 3 9] i©i5^y^y^l±, MxifHBr, 

h 2 o 2 Rim* oon-^mx'o^^yf-^yb^M 

^ZZkKXV, fx* 5 5c *filofc*jtts 

^y^y^>7^4 8<Z*3~5 ^mitS-ii-i 
9, *[S]n^:t5*M^l~2^mgS<D^f-ffi'ttl3 

6 b %ftmt%o 

[004 0] (1-5) ftfc, 1*7^7^4 6 

©m«©t^ 7 v ki 3 0 ±tjm5ck:, n~mmm 

I n G a P TffiiJ^n y * Jg 5 ORXffi-Wm I n G a 
P±to7*ny*5 2&«JgU ^tlb^n y ^1 5 0, 

5 2x^f-^ F7^7°ti^4 eomwmmifo&tt. 

[0 0 4 1] Z.<D^&M-?t±s MOVPEj5fefcJ:!K T 
7 y Kl 3 0 ©¥±1£E 3 0b ±}dl#^ p - I n 
GaP-HH!l7*Py*l5 0&tfn-I nGaP±f!|7*n 
•^|5Z*xW^^St5 (06 

(B) ) „ ^tLfc#l5 0&tf5 2£ N (10 0) mm 
I28a fcte^££#fc#kajRLfci|g,i£ 
fcjfcg£#5o iyfy^X^4 8^X5/f 

y^*t5o ffJL< \X ±ilij7'o y ^15 2 ^y 

y^>^*t5o 

[0 04 2] T$J7n y *Jg 5 0S^±H7n y *Jg 5 



(6) #HSp 7-1 2 2 8 1 3 

10 

2tt/-f-* h7^7 0 ^$M^Elip ng^Sr^t^ 
T\ ^ figttl 3 6 b ^©mMftAa*trKfe5 i t *S 
[004 3] (1-6) &tc, tV* VyJ7fflk4 6 

[0 0 4 4] Z<DMMfflX*\X tl-X b747im4 6 
10 ©ny?^ hM4 4+%t>*)* 9 H44aS 

yT^^^OTK^ffS iO. *«gt5. ^5 

(07) „ ffSL<l±, ^t^y^ M4 4 a 
&tf±fl!l7*p y 9M 5 2 Sr^yf-y^Lfc^J: 5 1-^y 

[0 0 4 5] ^y^^^V^^5 4tt¥ffi^^T^f- 
6 b£li£Sfc!>£ 5 M 
20 4a£gV\ tilK^OtlWO^f-a^^^ M44a 

[0 0 4 6] Sfc«ft©iMM*:u— fSrtffLTPI-7 0 

y^i/^-v**5 4«r#Ginfc;* h9W ^RtJEfiES* 
[0 04 7] sy^y^-v^^5 4fc»/«L»A.fcb, 

44a^x y f^u ¥mkn>x/*mji3 6b 

30 *Sfc0£51g#fc&ttfc»#t3mfc=i'**hJg4 
4btr^1"5 (08 (A) ) . fftUtt, ±{|iJ7p 

4 4 a zmmK^yf-yyt?> a mm. *y?yy 

5 4*^y?ym£tZ>o 
[0 0 4 8] (1-7) Hk^X\ 08 (B) |C 

Itn^^ M4 4b^±iJ7n5/^l5 2 
±}CCtlb#l4 4bSO ? 5 2^S5»)i5 6Mitf 

sio 2 *m.u ^<Dmmm5 6\cm=<y 

^^M4 4bfc*ai"5«5 6aSrJUj«t5. ft^ 
40 -C, l5 6a^L|tilt5lt3y^^M4 4bi 
£€«5 8 fcJ&fctS,, 4fcSffi«ai^®ffi6 0 Sr^fig 

t5» ^mmmxm^mm^nmR^n~mmm 
* P at t s ©x\ 5 8 f± P iiijmffis^mffi 6 o » 

[0 0 4 9] h!44b^ ¥ffi«]^T 

/ -frffittl 3 6 b <b Kfffift 19 ^ 5 tS^Jc^fig L-^tlty 

50 [0 0 5 0] 5^V^T\ 0 9 ttvicf i 5 



11 

jj<D&mm$LW:cx*mu mm, 

WffiZ&ESM& (High Reflecting Film) 6 2 &Mf&f 

s tmmij(D^m^m\mmm (Anti-Ref lectin 
g Film) 6 4%ftmt%, mm, -j3~fcxm%<Dma 

[0 0 5 1] i&LfciiJfeWfcfc^m f§-5gms£ 
nmRtm-*«i!SrpS!i:1-5B^ p 

flJ^7yK«3 0Xtf±fiS^7yKJg4 2Sr, InGa 10 
PlitSii^I nGa As PlitS-i^t^So 
*HU TfJ^P y *1 5 OXtf ±ffiS7*P y^l5 2t 
I nGaPlttSB^InGaAsPjgfctS^ii 5 
T*t5. *tt, ffittl3 6£, InGaAs/GaAs 
^^«^#Fltt5iS^I nGa As P/Ga Asl 
^S^#FS ( I n G a A s P£tf G a A s Srl^T^ 
j£Ufc£*i8ft*J:0$5;t*#FEK InGaAs 
P/InGaAs £***#F* (InGaAs P£tf 
I nGaAsSrlV^-C^Lfc^iB^J:*)^*^ 

, I nGaAsP/I nGaAs/GaAsI 20 
(InGaAsP, InGaAs&tfGa 

IK InGaAs PlXVG a A s l©Vvj*ftj&»t>* 

[00 5 2)010 tt±5Btfcf5-«K©Hlfi«!CCj!lJt 
L Iftd life 5 )t fflyj -S)^mS#tt<D-M 

ftMffi (mA) SrSoX^t. HHt*tW-Ctt, UJ» 30 

#««l£A,£:tfB OfiT 1 XtfT 2 iW4 0 
nmfcU ftot**fi»ftt7 8 0/ t mitfciN»# 
U-1f&»5£Lfc 0 ^LT^(D^^U-lf^g?£2 0 

fc„ ^If* Vy4y'mm46i:mmy'ny^M5 0, 5 

~7mA"C*5„ ft#Sffi©«?ft^fc:fciRl0«£tC 
tt%SMtftf4 0mA-efeofc©iJt^t5t, ^<D% 

imvm&xvmfr u~^<D^mmm±m^ * < * 40 

8 OmA^S-eCODttM^tlf^o-CNAMflit 

[0 0 5 3] ftt*r»WO*lt«t-3tRW1-5. - 

nGaAsPW K«3 2JkU7VY-y*\ nGaPi 
yf-yy* V VfM 3 4 «r**im H-^mM I n G 
aAsPW K«3 nGaPiyf 

y ^ h 5/7°i 3 4 fcfi#**.fc0!-e*>o-c, *©»sa» 



7-1 2 2 8 1 3 

12 

[0 0 5 4] ( 2 - 1 ) 5t*S*©-*0*lS««8ai© 

1\ m-«msG a a s m 2 s timm^, 

IInGaPW77Ki3 0, f-flilnGa 
AsP#VKl3 2, 1-fiSlnGaPxyfy^ 
* h y 7°! 3 4 , fifftJi 3 6 Xtff&-$mi! £ tt£*f^ 

ms^r-im® inGa ?&ms 3 s sr=»s-rs„ 
[0055] zmmmx\x ys-wmznWRxm 

-^mMSrpSitSfcW-efeo-C, MOVPESia 
<9s n-GaAsIS28(D (100) Sfil2 8aJ: 
fcJU&fc, n-InGaPW7'/K|3 0 4 n-I 
nGaAsPWK!3 2, n-InGaPiyf^ 
*hy7°l3 4, InGaAs/GaAsSM^f 
Sttl 3 6£tfp-I nGaP^l3 8Sr^t 0 ^drV 
+^J$^$*5 (HI) . 

[00 5 6] (2-2) ft«|3 8ftt«Sttl3 

eftiy^y^U -*At«l!i*o***i|Ji««Afttf 

B©K^, ftttftKJg 3 8 a&OWSttl 3 6 a 

[00 5 7] ;©IIfJt1t ft«i3 8±|:xy^ 
^^4 0«« (02) 0 iyff^^4 
0 ttAttftffl 3 8 a RVfrmm 3 8 a fc^Jt&tS 

WSC^^y^LT, A4fifiWl3 8a^AtS (H 
3 (A) ) . £3*, xyfy^^O^xyfy 

!3 8aSrfflV\ 1©1 3 8 a fc^y^y^Lfc^ i. 5 
tfiSttJi3 6ftWRttt3:yf-^^fC, ftftffittJf3 
6afcBWS*5 (03 (B) ) . 

[0 0 5 8] (2-3) ftld, AttftK* 3 8 a ±fc)[g 
MZ.mmm I n G a P ±$J * 7 y Kl 4 2 
-^€MG aAs=^ni44 £»f 

[0 0 5 9] ^©^JSWTffi, MOVPE^i!9, ft 
ftft^Jf 3 8 a ifcJGfcfc, p - I n G a P±M9 7 y 

K14 2Wp-GaAsn^^ M4 4^xt7^r 
~>^VJ&ft£#5 (84). 

[0060] (2-4) ftl:, 3^^H4 4^?)T 
fl* 7 y Kl 3 0t-e©#lSr^7^^^LT, 

F^/114 6 ^-*©#g«ffifitc^bte^© 
*ig««iffif£fll c * nmtifr 5 o 

[0 0 6 1] l©HHMTi4, n^^hi4 4l|:x 
y^y^V^^4 8^ff^t5 (0 5) „ 
^^4 8tt^^h9W^I(Bfi4 6t^1-5fi« (^ 
f-^h7-T7W^D) S:9v\ *nK^©fl* (^ 
f-^ h7^7 0 ^j^M^E) Sr^tiltSo ^V^T, 7^ 
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Kl 4 2 , Attftffl 3 8a, ftlttSfifel 36a, i> 
f-f^* hy7°l34, #W K13 2^0 ! Til^7S/ K 

yKl4 2a s ^f-ftll3 8b s > tffittE 3 6 b , 
P (f-aiy^y^hy7 9 l3 4a, 7<lWRJf32a 
f-TflJ^ 7 y KJB 3 0 a J; 5 fifeS ^ -9-^ h 7>f ^ 
#3t4 6Sr^t5 (0 6 (A) ) . 

[0 0 6 2] (2-5) tV* h7^7°#5t4 6 

M«©T«'J^ 7 y Kl 3 0 XWI&l^ J£XjgSS I 
n G a PT«7'n y *1 5 0RXffi-m%M I n G a P 
XiBl7*Py^5 J:ftfe7*Py*l5 0, 5 

2-t^f"^ h7^7m4 6M«^afe3Aif 0 

[0 0 6 3] Z<Dmmm^\X MOVPE8i£J:*K t 
M?y v Kl 3 0 (O^im 3 0b ftWPJW^ p-In 
GaPT{|ij7*ny^l5 O&tfn-I nGaPl|7'p 
y^l5 Z-k^V^S^^Wt^ti (06 

(B) ) „ 

[00 64] (2-6) ^f-^ h7^7l#)t46 

#MWAMBffl|1tlf^V?^ M4 4b£ 
[0 0 6 5] h7V7Hf)i4 6 

<Dziy?? M4 4t&fr^t=<y^ M4 4a± 
\C^y3-y?-?X? 5 4Wt&tZ> (0 7) „ :ny^y 

y^x ?54 3 6 b t mm 

teV£omt$<D/-f=iy$? b44 a£SV\ ^ft&W 
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